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1980 DIRECT STRIKE LIGHTNING DATA 

Fe l i x  L. P i t t s  and Mitchel E. Thomas 

SUMMARY 

This report  presents the resul ts  obtained during the 1980 d i rec t - s t r i ke  

1 ightning tests  o f  the NASA Langley Research Center l ightning-instrumented 

F-1066 a i r c r a f t .  The tests  were conducted i n  the v i c i n i t y  of the National 

Severe Storms Laboratory, Norman, Oklahoma, and i n  the v i c i n i t y  o f  the NASA 

Langley Research Center, Hampton, Virginia.  The e n t i r e  s t r i k e  data obtained 

for 10 st r ikes i n  the 1980 campaign are presented i n  t h i s  report. 

SYMBOLS 

B ra te  o f  change o f  magnetic f lux density, tes la  per second 

D ra te  o f  change o f  e l e c t r i c  f lux density, ampere per square meter 

I rate o f  change o f  current, ampere per second 

A/m2 ampere per square meter 

m meter 

T I S  tesla per second 

A I S  ampere per second 

P-P peak -to-peak 

'YTRODUCTION 

This report presents the d i rec t - s t r i ke  l i gh tn ing  data obtained i n  1980 

during l ightn ing f l i g h t  tests o f  the NASA Langley Research Center 1 ightning- 

instrumented F-1966 a i r c r a f t .  There were 10 st r ikes t o  the a i r c r a f t  during 
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t h i s  campaign; representative i n i t i a l  s t r i k e  data waveforms which were reported i n  

reference 1 are included here f o r  completeness. The instrumentation system 

and sensors are described i n  references 2, 3, and 4; a sununary overview o f  

the instrumentation system and 1980 campaign i s  presented i n  reference 5. 

Lightning Data 

The 1980 campaign resulted i n  10 d i r e c t  s t r i kes  t o  the a i r c r a f t  from 

19 storm penetration f l i g h t s .  Table I sumnarites the data recorded and 

par t icu lars  concerning data acquisit ion. 

and B-dot LONG (abbreviated DF and B, i n  the figures)are the number o f  1310 

microsecond records acw i red  during s t r i kes  from the D-dot forward and B-dot 

longi tudinal  sensors a t  10-nanosecond sample intervals.  The f i v e  ent r ies 

under the I-dot column represent the number o f  d iscrete s t r i k e  events recorded 

from the I -dot  sensor on the 6-14Hz analog video tape recorder. 

instrumentation system malfunction or1 f l i g h t  80-029 which inval idated the three 

B-dot entr ies f o r  that  f l i g h t .  

the measured f i e l d s  and currents i s  such that an increasing e l e c t r i c  f i e l d  

vector from the a;rrr, f t  i s  posi t ive,  and increasing current from forward t o  

a f t  i s  pos i t ive and resul ts i n  a pos i t ive magnetic f i e l d  measurement. 

Table I 1  l i s t s  the character ist ics o f  the instrumentation system as i n i t i a l l y  

The ent r ies under the D-dot FWD 

There was an 

The sign convention f o r  p o l a r i t y  resolut ion o f  

configured f o r  the f l i g h t  tests. 

were chosen t o  acconnnodate submicrosecond r i s e  time 1 ightning characterist ics: 

speci f ical ly,  e l e c t r i c  f i e l d  changes o f  500 kV i n  0.1 microsecond and current 

changes o f  10 kA i n  0.1 microsecoxl. 

80-018 and 80-019 were noteworthy i n  that the e l e c t r i c  Characterist ics (D-dot) 

spanned 60 percent o f  f u l l  scale, whereas the magnetic character ist ics (B-dot, 

I -dot)  d id  not exceed the thresholds shown i n  table 1 1 .  Subsequently, the 

The fu l l - sca le  ranges o f  the recording system 

The i n i t i a l  s t r ikes obtained during f l i g h t s  
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gain o f  the 6-dot and I -dot  data channels was increased by one and twa orders 

o f  magnitude, respectively. Also, the t r i gge r  thresholds o f  the transient 

recorders were reduced t o  15 percent from 20 percent o f  f u l l  scale, as shown 

i n  table I11 which s u m r i r e s  the configuration for  f l i g h t s  80-023 through 

80-038. Both the e l e c t r i c  and magnetic character ist ics were recorded during 

subsequent s t r ikes as noted i n  table 1. 

The detai led data waveforms presented are preceded by overview f igures 

which depict the chronology o f  the t ransient recorder memory f o r  the d i r e c t  

str ikes.  

are the data Haveforms obtained i n  the 1980 f l i g h t  tests. 

sensors and l ightn ing attachment points and paths are shown i n  f igures 32 through 

36. Table I V  summarizes the f l i g h t  data obtained and iden t i f i es  ihe simultaneously 

recorded data. Record numbers enable correlat ion o f  ?!mu1 taneously recorded D-dot, 

B-dot, and I-dot data waveforms w i th  overview figures as shown i n  table I V  where 

mul t ip le  checks f o r  a given f l i g h t  and record number indicate simultaneously 

recorded data as i n  f l i g h t s  80-036 and 80-038. 

Figures 1 through 8 are the overview f igures and f igures 9 through 31 

The locations o f  the 

As was shown i n  table I ,  the D-dot and B-dot data were recorded by independ- 

ent d i g i t a l  transient recorders and the I -dot  data was recorded on a separate, 

continuously recording wideband analog recorder. The time resolut ion capab i l i t y  

o f  the instrumentation system between the d i g i t a l  t ransient recorders and the analog 

recorder was about 1 mill isecond. 

datd (wi th  B-dot and D-dot) be deduced by the absence o f  other transients on the 

I-dot analog tape around the s t r i k e  t ime.  

notes and t r igger  event discretcs recorded from the transient recorders. ) 

I -dot  waveforms, which were recorded on the wideband analog recorder, are shown i n  

the f igures wi th an elapsed t i m e  scale which r e f e r s  only t o  elapsed time during the 

s t r i k e  event, whereas the time scales f o r  the data obtained using the transient 

recorders re fer  t o  the t o t a l  1310 microsecond memory lenath. 

This required that the simultaneity of the 1-dot 

(St r ike time was determined from p i l o t  

Detailed 
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Figure 3. - Overview F simultaneous BL and DF for f l i g h t  80-036. 
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Figure 1. - Overview o f  simultaneous BL and b, for f l i g h t  80-038, record 4. 
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gure 8. - Overview o f  simultaneous BL and DF for f l i g h t  80-038, record 5 .  
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